In situ reduction of oxidative damage, increased cell turnover, and delay of mitochondrial injury by overexpression of manganese superoxide dismutase in a multistage skin carcinogenesis model.
To study early subcellular pathologic changes of tumorigenesis in mouse skin and possible modulation by overexpression of the mitochondrial antioxidant enzyme manganese superoxide dismutase (MnSOD), skin keratinocytes from nontransgenic (Ntg) and transgenic (TgH) mice overexpressing MnSOD topically treated with one dose of 7,12-dimethylbenz(a)anthracene (DMBA) and a subsequent dose of 12-O-tetradecanoylphorbol 13-acetate (TPA) were analyzed in situ for levels of MnSOD and the oxidative damage product 4-hydroxy-2-nonenal (4HNE)-modified proteins using specific antibodies and immunogold electron microscopy. At all selected time points analyzed after TPA treatment, there was more MnSOD immunoreactive protein in mitochondria of keratinocytes of TgH mice than Ntg mice. Compared with untreated groups, there was a large increase in 4HNE-modified proteins at 6-24 h after TPA treatment, and this increase was larger in Ntg than TgH mice. Indices of mitosis and apoptosis of keratinocytes were greater in DMBA/TPA-treated TgH than Ntg mouse skin. Mitochondrial injury detected by transmission electron microscopy was delayed in keratinocytes of TgH compared with Ntg mice. The present study demonstrated that overexpression of MnSOD not only protected cells from oxidative damage, but also affected cell turnover kinetics. Thus, previously identified reduction in papilloma formation observed in TgH mice is correlated with mitochondrial events.